The prevalence of obesity is high in older persons and recent trends show a rapid increase in this prevalence. Results from observational and intervention studies (i.e. weight loss studies) show the strong negative impact of obesity on functional status in old age. There are different potential pathways through which obesity may lead to functional decline in older persons. Furthermore, the presence of overweight and obesity during the life course and trends in medical care are likely to influence the impact of obesity on disability. The concepts sarcopenia (age-related loss of muscle mass) and dynapenia (age-related loss of muscle strength) receive a lot of research attention as potential determinants of functional decline in old age. There is no consensus on the definitions of these concepts. Recent studies conducted in large cohort studies of mainly community-dwelling older persons show that poor muscle strength is strongly associated with functional decline compared to low muscle mass. In several studies, no association between muscle mass and functional status was observed. Current research on the combination of obesity with poor muscle strength (dynapenic-obesity) suggests a potential additive effect of both components on poor functional status in old age which seems independent of the level of physical activity.
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Sarcopenia: Obesity: Aged: Mobility limitation: Disability
Obesity in old age: a growing problem In Western societies, the age group of the population with the highest prevalence of overweight (BMI 25 . 0-29 . 9 kg/m 2 ) and obesity (BMI ‡ 30 kg/m 2 ) generally ranges between 55 and 75 years (1) . Due to the aging of the population, the absolute number of older obese persons will continue to increase. However, other factors may also contribute to this ongoing trend. Research has shown that current generations of older persons are more likely to be obese compared to generations of similar age 10-20 years ago (2) (3) (4) . The current older generation seems to be prone to the obesity epidemic just as younger generations. Furthermore, the high overweight and obesity prevalence rates currently observed in young children and adolescents are expected to have a strong impact on the obesity prevalence of these same individuals in old age. Therefore, both in absolute and in relative numbers, obesity is considered a growing problem among older persons (5) .
Relationship between obesity and functional status
Both cross-sectional and longitudinal studies have shown that obesity in older men and women is strongly associated with the presence of poor functional performance or disability and with future decline in functional performance or the new development of disability (6) . For example, data from a large French study show that obese older men and women with a BMI between 30 and 35 kg/m 2 were 50% more likely to have mobility limitations compared to those with a BMI between 23 and 27 kg/m 2 (7) . A more than three-fold higher risk was observed in those with BMI of 35 kg/m 2 and higher. A higher waist circumference substantially increased the risk for developing disability after 2 years of follow-up in 3235 older, non-institutionalized persons in Spain (8) . An increased risk for mobility limitations was consistently observed in overweight and obese older persons regardless of the level of physical activity (9) , indicating that obesity is an independent determinant of Proceedings of the Nutrition Society functional status and not simply an indicator of physical inactivity. Other prospective studies, using more accurate assessments of body fatness as measured by dual-energy X-ray absorptiometry and adjusting for the level of physical activity, showed that higher amounts of total body fat in older men and women are associated with a greater risk for incident mobility limitations (10, 11) . A study conducted in the Health, Aging and Body Composition Study showed that obesity in old age, defined as having a BMI of 30 kg/m 2 or more, had such a strong negative impact on incident mobility limitations that it overruled the negative impact of other unhealthy lifestyle factors on functional status, including current smoking, excessive alcohol use, physical inactivity and poor diet (12) . Prospective studies have also shown that weight gain at an older age is associated with a decline in functional status (13, 14) . The observational studies consistently show the strong negative influence of obesity and excess body fat on functional status in old age. No clear cut-off point for BMI, waist circumference or body fat has been published at which functional status is negatively affected in old age. However, recent research suggests that the commonly used cut-off values for waist circumference should be higher when applied to older persons (15) . This research supports the findings of previous studies using other outcomes suggesting that the commonly used cut-off values for BMI to indicate overweight may be too low for older persons (16) .
There are indications that the relationship between obesity and functional impairment in older persons is changing over time. Obese persons aged 60 years and older who participated in the National Health and Nutrition Examination Survey study between 1999 and 2004 had a higher probability of functional impairments compared to obese persons of similar age examined between 1988 and 1994 (17) . The probability of functional impairments in persons without obesity, however, remained similar over time.
What is causing this increase in risk among obese older persons? One potential explanation might be the reduced obesity-related mortality rate over time. The increased survival time may have negative consequences for functional status by increasing the prevalence of weight-related diseases and their complications. Another potential explanation might be the longer duration of overweight and obesity in more recent generations of obese older persons. The earlier and long-term burden of obesity on the body may cause an earlier onset of functional impairments and/ or a higher severity of these impairments. Indeed, several recent studies support this explanation by showing that the lifetime history of overweight and obesity is associated with functional status in old age. Cross-sectional data from Finland showed that persons aged 55 years and older who had been obese since the age of 30 were about eight times more likely to have walking limitations compared to those who were never obese. A clear dose-response relationship was observed between obesity duration during life and the presence of walking limitations (18) . More recently, men and women between the age of 70 and 79 years who had been overweight or obese since the age of 25 were 2 . 85 times more likely to develop mobility limitations compared to those who had a normal weight throughout life (19) . The risk for new mobility limitations was lower (1 . 72) for those who developed overweight or obesity in old age. These studies suggest that a lifetime history of overweight and obesity may increase the risk of functional decline in obese older persons.
Based on the findings of the studies discussed, the prevention of overweight and obesity across all ages seems relevant for the prevention of functional decline in old age. An important question for older persons who are already obese is whether voluntary weight loss at old age would improve physical functioning. A landmark study addressing this specific question is the study by Villareal et al. (20) conducted in twenty-seven frail older obese persons. A weight loss of 8 . 4% in 6 months in conjunction with exercise training three times weekly led to a significant improvement in physical performance compared to the control group. No decline in fat-free body mass was observed, suggesting that the weight loss consisted mainly of fat mass. To what extent the fat loss and/or the exercise training caused the improvement in physical performance is not known. However, weight loss alone has been shown to improve functional status in older obese patients with knee osteoarthritis (21) and to increase endurance capacity in older obese persons (22) . The functional benefits of intentional weight loss in obese older persons have also been acknowledged by the American Society for Nutrition in 2005 (23) . However, more research is needed to optimize weight loss strategies for older persons, to investigate who will benefit most from what kind of weight loss treatment and to examine the long-term benefits of intentional weight loss in older persons.
Sarcopenia
The term sarcopenia, indicating the age-related loss of muscle mass, was first introduced by Dr I. H. Rosenberg (24) . The loss of muscle mass with aging is hypothesized to have negative consequences for health and physical functioning in old age (25, 26) . Prospective data using accurate body composition methodology showed that men and women aged 70-79 years lose about 1 % of their muscles per year (27) . To investigate the prevalence of sarcopenia and its impact on health and functioning in old age, and to diagnose sarcopenia in clinical practice, a definition should be available. Several definitions have been developed and described in the literature and are generally based on a cut-off point indicating low muscle mass instead of loss of muscle mass (28) (29) (30) . Currently, there is no consensus on the definition of sarcopenia (31) .
Relationship between sarcopenia and functional status
The usefulness of previously developed definitions of sarcopenia was tested by investigating the association between sarcopenia and (change in) physical functioning (28) (29) (30) 32) . Other studies have related continuous or categorical measures of skeletal muscle mass to functional status in order to determine the role of low muscle mass in functional decline. While some studies have indeed shown that low muscle mass is associated with poor functional status or decline in functional status (28, 29) this result has not been consistently reported by all studies. In fact, most Proceedings of the Nutrition Society studies show that low muscle mass is not or only weakly associated with functional status. These studies did, however, show that high body fat mass was a consistent and independent determinant of functional status in older men and women (10, 11, (33) (34) (35) (36) (37) , even after adjustment for the level of physical activity (10, 11) .
The term sarcopenia has also been used to refer to the age-related loss of muscle strength or the presence of low muscle strength in old age. Recently, the term dynapenia rather than sarcopenia was proposed to specifically indicate the loss of muscle strength with aging (38) . Poor muscle strength is a well-recognized determinant of poor functional status based on observational studies (11, (39) (40) (41) . Moreover, strength training leads to significant improvements in functional status without significant or only small increases in skeletal muscle mass (42) (43) (44) . Observational studies investigating both low muscle mass and poor muscle strength in relation to functional status in older persons consistently showed a strong association between muscle strength and function, with no or much weaker associations between muscle mass and function (39, 40) . Thus, at least in the wide range of study samples of community-dwelling older persons used in these studies, the function of the muscle seems more relevant in relation to functional status in old age as compared to muscle size.
Similar to the importance of life history of overweight and obesity on functional status in old age, as discussed earlier, the life history of muscle strength may also impact functional status in old age. A remarkable study is that of Rantanen et al. (45) showing that grip strength assessed in a large sample of healthy Japanese-American men aged 45-68 years was highly predictive of functional limitations and disability 25 years later when all participants were at least 70 years of age. These results suggest that optimal body fat mass and high muscle strength throughout life may contribute to the prevention of disability later in life.
Sarcopenic-obesity and the relationship with functional status
To examine whether different body composition components have independent influences on functional status in old age and may potentially interact, the concept sarcopenic-obesity was launched in 2004 (46, 47) . Older persons who were sarcopenic based on a cut-off point of the skeletal muscle index and who had a high percentage of body fat had a twofold higher risk to develop instrumental activity of daily living disability compared to those with no sarcopenia and normal fat levels. However, more recent studies failed to clearly demonstrate that a combination of low muscle mass and high body fat mass was more detrimental to functional status in old age compared to having a high body fat mass only (48, 49) . In fact, in most studies sarcopenia alone did not increase the risk of poor functional status (37, (48) (49) (50) . A recent study conducted on 1308 French women showed that those who were sarcopenicobese (defined as having a body fat percentage > 40% and a skeletal muscle index < 5 . 45 kg/m 2 ) tended to have a higher risk for having difficulty climbing down stairs compared to those who were obese only (37) . However, the other six physical function items included in the study did not confirm these findings. Acknowledging the recent research findings showing that poor muscle strength might be a more important determinant of functional status than low muscle mass, Stenholm et al. (51) took a slightly different approach in defining sarcopenic-obesity. Older persons who were obese based on their BMI ( ‡ 30 kg/m 2 ) and were in the lowest sex-specific tertile of grip strength were considered sarcopenic-obese. The advantage of this definition, which should be indicated as dynapenic-obesity, is its reliance on relatively simple measures which may enhance the application in clinical practice. The prevalence of dynapenicobesity according to this definition varied from 4 . 4% to 9 . 1% based on data from four large cohort studies conducted in Europe and the USA. Using prospective data from 930 Italian men and women aged 65 years and older, it was shown that men and women with dynapenic-obesity (based on BMI ‡ 30 kg/m 2 and knee extensors strength in lowest sex-specific tertile) had the steepest decline in walking speed over time and greatest development of disability independent of their level of physical activity (52) . The effects of obesity and dynapenia were additive and not multiplicative. After the age of 80, clear differences between the groups were no longer observed. These results were recently confirmed in a cross-sectional study (53) .
Conclusion
Based on epidemiological studies conducted in large samples of older men and women, dynapenia, but not sarcopenia, seems to play an important role in the functional decline of older persons. Another important body composition component influencing functional status in old age is body fatness. Dynapenic-obesity may be an important concept to consider in future studies trying to identify potential modifiable determinants for functional decline in older persons.
